The amount of ice injected up to the tropical tropopause layer has a strong radiative impact on climate. In the tropics, the Maritime Continent (MariCont) region presents the largest injection of ice by deep convection into the upper troposphere (UT) and tropopause level (TL) (from results presented in the companion paper Part 1). This study focuses on the MariCont region and aims to assess the processes, the areas and the diurnal amount and duration of ice injected by deep convection over islands and over seas using a 2 • × 2 • horizontal resolution during the austral convective season of December, 5 January and February. The model presented in the companion paper is used to estimate the amount of ice injected (∆IWC) up to the TL by combining ice water content (IWC) measured twice a day in tropical UT and TL by the Microwave Limb Sounder (MLS; Version 4.2), from 2004 to 2017, and precipitation (Prec) measurement from the Tropical Rainfall Measurement Mission (TRMM; Version 007) at high temporal resolution (1 hour). The horizontal distribution of ∆IWC estimated from Prec (∆IWC P rec ) is presented at 2 • × 2 • horizontal resolution over the MariCont. ∆IWC is also evaluated by using the 10 number of lightnings (Flash) from the TRMM-LIS instrument (Lightning Imaging Sensor, from 2004 to 2015 at 1-h and 0.25 • ×0.25 • resolutions). ∆IWC P rec and ∆IWC estimated from Flash (∆IWC F lash ) are compared to ∆IWC estimated from the ERA5 reanalyses (∆IWC ERA5 ) degrading the vertical resolution to that of MLS observations ( ∆IW C ERA5 ). Our study shows that, while the diurnal cycles of Prec and Flash are consistent to each other in timing and phase over lands and different over offshore and coastal areas of the MariCont, the observational ∆IWC range between ∆IWC P rec and ∆IWC F lash is small 15 (to within 4 -20% over land and to within 6 -50% over ocean) in the UT and TL. The reanalysis ∆IWC range between ∆IWC ERA5 and ∆IW C ERA5 has been also found to be small in the UT (22 -32 %) but large in the TL (68 -71 %), highlighting the stronger impact of the vertical resolution on the TL than in the UT. Combining observational and reanalysis ∆IWC ranges, the total ∆IWC range is estimated in the UT between 4.17 and 9.97 mg m-3 (20 % of variability per study zone) over land and between 0.35 and 4.37 mg m-3 (30% of variability per study zone) over sea, and, in the TL, between 0.63 and 20 3.65 mg m-3 (70% of variability per study zone) over land and between 0.04 and 0.74 mg m-3 (80% of variability per study zone) over sea. Finally, from IWC ERA5 , Prec and Flash, this study highlights 1) ∆IWC over land has been found larger than ∆IWC over sea, and 2) the Java Island is the area of the largest ∆IWC in the UT (7.89 -8.72 mg m-3 daily mean).
ERA5 Ice Water Content
The European Centre for Medium-range Weather Forecasts (ECMWF) Reanalysis 5, known as ERA5, replaces the ERA-Interim reanalyses as the fifth generation of the ECMWF reanalysis providing global climate and weather for the past decades (from 1979) (Hersbach, 2018) . ERA5 provides hourly estimates for a large number atmospheric, ocean and land surface quantities and covers the Earth on a 30 km grid with 137 levels from the surface up to a height of 80 km. Cloud ice water content from ERA5 reanalyses (IWC ERA5 ) comes from the combination of a large amount of global historical observations, 125 advanced modelling and data assimilation systems (https://cds.climate.copernicus.eu/cdsapp!/dataset/reanalysis-era5-pressurelevels-monthly-means?tab=form, last access: July 2019). The present study uses the IWC ERA5 at 100 and 150 hPa averaged over DJF from 2005 to 2016 with one hour temporal resolution. IWC ERA5 have been degraded along the vertical at 100 and 150 hPa ( ∆IW C ERA5 ) consistently with the MLS vertical resolution of IWC M LS (5 and 4 km at 100 and 146 hPa, respectively) using an unitary triangular function, in the absence of IWC averaging kernels by MLS (see section 7.2). IWC ERA5 130 and ∆IW C ERA5 will be both considered in this study. IWC ERA5 , initially provided in kg kg-1, has been converted into mg m-3 using the temperature provided by ERA5 in order to be compared with MLS IWC observations.
NOAA Winds
Because wind provided by ERA5 is not available at 100 and 150 hPa, our study uses the wind datasets from the National Centers For Environmental Prediction (NCEP) Global Data Assimilation System (GDAS), initialized analyses, provided by 135 the National Oceanic and Atmospheric Administration (NOAA). NOAA provides vertical distribution of daily Est-West and North-South wind components in the range between -75 to 107 m s-1, from 1997 to 2019 (https://www.esrl.noaa.gov/psd/ thredds/catalog/Datasets/ncep/catalog.html, last access: 8 July 2019). 12 vertical levels are available from 50 to 1000 hPa at global scale. Our study selects the daily mean of wind speed and direction at 100 and 150 hPa in DJF from 2004 to 2017.
Methodology 140
This section summarizes the method developed by Dion et al. (2019) to estimate ∆IWC, the amount of ice injected into the UT and the TL. Dion et al. (2019) 
The diurnal cycle of IWC estimated (IW C est (t)) can be calculated by using C applied to the diurnal cycle of Prec (Prec(t)), where t is the time, as follows:
The amount of IWC injected up to the UT or the TL (∆IWC P rec ) is defined by the difference between the maximum of 150 IWC est (IWC est max ) and its minimum (IWC est min ).
where P rec max and P rec min are the diurnal maximum and minimum of Prec, respectively. Figure 1 illustrates the relationship between the diurnal cycle of Prec and the two MLS measurements at 01:30 LT and 13:30 LT. The growing phase of the convection is defined as the period of increase in precipitation from P rec min to P rec max . The amplitude of the diurnal cycle 155 is defined by the difference between P rec max and P rec min . In Fig. 1 Fig. 2c ) is consistent with that of Prec (∼ 12 -16 mm day-1) over the West Sumatra Sea, and over the South of Sumatra island. However, over North Australia seas (including the Timor Sea and the Arafura Sea), we observed large differences between Prec low values (4 -8 mm day-1) and IWC large concentrations (4 -7 mg m-3). Java Sea and coast of Borneo or the China Sea); ii) area where Prec anomaly is positive and IWC anomaly is negative (e.g. over West Sumatra Sea); and iii) area where Prec anomaly is negative and IWC anomaly is positive (e.g. over the North Australia Sea). Convective processes associated to these three types of areas over islands and seas of the MariCont are discussed in Sect. with altitude is more important over lands (by a factor 6) than over sea (by a factor 3). Convective processes associated to these 210 lands and seas are further discussed in Sect. 6. a) b) In the next section, we estimate ∆IWC using another proxy of deep convection, namely Flash measurements from LIS. Lightnings are created into cumulonimbus clouds when the potential energy difference is large between the base and the top of the cloud. Lightnings can appear at the advanced stage of the growing phase of the convection and during the mature phase of the convection. For these reasons, in this section, we use Flash measured from LIS during DJF 2004-2015 as another proxy of the deep convection in order to estimate ∆IWC (∆IWC F lash ) and check the consistency with ∆IWC obtained with Prec 235 (∆IWC P rec ). When compared to the distribution of Prec (Fig. 2c ), maxima of Flash are found over the same areas as maxima of Prec (Java,
6.
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Flash distribution over the MariCont
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East of Sulawesi coast, Sumatra and North Australia lands). Over Borneo and the New Guinea, coastlines present more Flash (∼10-2 flashes per day) than inland (∼10-3 flashes per day). Differences between Flash and Prec distributions are found over North Australia Sea, with relatively large number of Flash (∼ >10-2 flashes per day) compared to low Prec (4 -10 mm day-1) ( Fig. 2c) , and over the New Guinea where the number of Flash is relatively low (∼10-2-10-3 flashes day-1) while Prec is high (∼14 -20 mm day-1). Figure 6b shows the hour of the Flash maxima. Over land, the maximum of Flash is between 15:00 Figure 5 . a) and f) location of 2 • × 2 • pixels where ∆IWC have been found higher than 15 mg m-3 (in Fig. 4 ) and where ∆IWC have been found between 2 and 5 mg m-3 (in Fig. 4) , respectively. Diurnal cycle of Prec: (b, c, d, e) over 4 pixels where ∆IWC have been found higher than 15 mg m-3 (in Fig. 4 ), (g, h, i, j) over 4 pixels where ∆IWC have been found between 2 and 5 mg m-3 (in Fig. 4) LT and 19:00 LT, slightly earlier than the maximum of Prec (Fig. 2c ) observed between 16:00 LT and 24:00 LT. Coastal areas present similar hours of maximum of Prec and Flash, i.e between 00:00 LT and 04:00 LT although, over the West Sumatra Coast, diurnal maxima of both Prec and Flash happen 1-4 hours earlier (from 23:00-24:00 LT) than those of other coasts. 
Prec and Flash diurnal cycles over the MariCont
This section compares the diurnal cycle of Flash with the diurnal cycle of Prec in order to assess the potential for Flash ii) over offshore areas, Flash increasing phase is advanced by about 1-2 hours compared to Prec increasing phase, iii) over coastlines, Flash increasing phase is advanced by more than 6-7 hours compared to Prec increasing phase.
In section 7, we investigate whether this time difference impacts the estimation of ∆IWC over land, coasts, and offshore areas.
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Prec and Flash diurnal cycles and small-scale processes
In this subsection, we study the diurnal cycle of Prec and Flash at 0.25 • × 0.25 • resolution over areas of deep convective activity over the MariCont. In line with the distribution of large value of Prec (Fig. 2) , IWC (Fig. 3) and ∆IWC (Fig. 4) , we have selected five islands and five seas areas over the MariCont. Diurnal cycles of Prec and Flash are presented over lands for a) Java, b) Borneo, c) New Guinea, d) Sulawesi and e) Sumatra as shown in Figure 8 and over sea for the a) Java Sea, b) North 290 Australia Sea (NAuSea), c) Bismark Sea, d) West Sumatra Sea (WSumSea) and e) China Sea as shown in Figure 9 .
Over land, the amplitude of the diurnal cycle of Prec is the largest over Java (Fig. 8a) , consistently with Qian (2008) with a maximum reaching 1 mm h-1 while, over the other areas, maxima are between 0.4 and 0.6 mm h-1. Furthermore, over Java, the duration of the increasing phase in the diurnal cycle of Prec is 6-h consistent with that of Flash and elsewhere, the duration of the increasing phase is longer in Prec than in Flash by 1-2 h. The particularity of Java is related to the increasing phase 295 of the diurnal cycle of Prec (6 h) that is faster than over all the other land areas considered in our study (8 -10 h) and is very consistent with the diurnal cycle of Prec over South America and South Africa (Dion et al., 2019) . The strong and rapid The convection starts around 09:00 LT, rapidly elevating warm air up to the top of the mountains. Around 15:00 LT, air masses 300 cooled in altitude are transported to the sea favoring the dissipating stage of the convection. Sulawesi is also a small island and presents the same onset of growing phase for the convection than Java, consistently with results presented in Nesbitt and Zipser (2003) and Qian (2008) . Other islands, such as Borneo, New Guinea and Sumatra, have high mountains but also large lowland areas. Mountains promote deep convection at the beginning of the afternoon while lowlands help maintaining the convective activity through shallow convection and stratiform rainfalls (Nesbitt and Zipser, 2003; Qian, 2008) . Deep and 305 shallow convections are then mixed during the slow dissipating phase of the convection (from ∼ 16:00 LT to 08:00 LT). Over sea, the five selected areas (Fig. 9a-e) show a diurnal cycle of Prec and Flash consistent with coastline or offshore areas as a function of the area considered. The diurnal cycle of Prec and Flash over Java Sea is similar to the one over coastlines ( Fig. 7c ). Java Sea (Fig. 9a) , an area mainly surrounded by coasts, shows the largest diurnal maximum of Prec (∼ 0.7 mm h-1) and Flash (∼ 1.1 10-3 flashes h-1) with the longest growing phase. In this area, land and sea breezes observed in coastal areas 315 impact the diurnal cycle of the convection (Qian, 2008) . During the night, land breeze develops from a temperature gradient between warm sea surface temperature and cold land surface temperature and conversely during the day. Over Java Sea, Prec is strongly impacted by land breezes from Borneo and Java islands (Qian, 2008) , explaining why Prec and Flash reach largest values during the early morning. By contrast, NAuSea, Bismark Sea and WSumSea (Figs. 9b, c and d, respectively ) present small amplitude of diurnal cycle. In our analysis, these three study zones are the areas including the most of offshore pixels. 
However, because
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In the UT (Fig. 10a) , over island, ∆IWC calculated over Sumatra, Borneo, Sulawesi and New Guinea varies from 4.87 to 6.86 mg m-3 whilst, over Java, ∆IWC reaches 7.89-8.72 mg m-3. ∆IWC F lash is generally greater than ∆IWC P rec by less than 1.0 mg m-3 (41%) for all the islands, excepted for New Guinea where the difference reaches 1.40 mg m-3 (20%).
Conversely, over Java, ∆IWC P rec is larger than ∆IWC F lash by 0.71 mg m-3 (8%). Over sea, ∆IWC varies from 1.17 to 4.37 mg m-3. ∆IWC F lash is greater than ∆IWC P rec from 0.6 to 2.09 mg m-3 (31-50%), except for Java Sea, where ∆IWC P rec 370 is greater than ∆IWC F lash by 0.21 mg m-3 (6 %). Over North Australia Sea, probably because of the 7-hours lagged diurnal cycle of Flash compared to Prec (Fig. 9) , ∆IWC F lash is almost twice greater than ∆IWC P rec values.
In the TL (Fig. 10b ), the observational ∆IWC range is found between 0.72 and 1.28 mg m-3 over island and between 0.22 and 0.74 mg m-3 over sea. The same conclusions apply to the observational ∆IWC range calculated between ∆IWC P rec and ∆IWC F lash in the TL as in the UT with differences less than 0.39 mg m-3.
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At both altitudes, Java shows the largest injection of ice over the MariCont. ∆IWC P rec and ∆IWC F lash are consistent to within 4-20 % over island and 6-50 % over sea in the UT and the TL. The largest difference over sea is probably due to the larger contamination of stratiform precipitation included in Prec over sea. Although Flash, is not contaminated by stratiform clouds, it could be a better proxy than Prec over sea but it is unfortunately negligible: less than 10-2 flashes per day (Fig. 6) . ) is calculated as: to establish an observational ∆IWC range over each study zone. ∆IWC is also estimated from IWC provided by the ERA5 reanalyses (∆IWC ERA5 and IWC ERA5 , respectively) at 150 and 100 hPa over the study zones. We have also degraded the vertical resolution of IWC ERA5 to be consistent with that of IWC M LS observations: 4 km at 146 hPa and 5 km at 100 hPa.
The ∆IWC ranges calculated from observations and reanalyses were evaluated over the selected study zones (island and sea). related to i) an amplitude of Prec diurnal cycle larger than 0.5 mm h-1, ii) values of IWC measured during the growing phase of the convection larger than 4.5 mg m-3 and iii) duration of the growing phase of the convection longer than 9 hours. The largest ∆IWC P rec has been found over areas where the convective activity is the deepest. The observational ∆IWC range calculated between ∆IWC P rec and ∆IWC F lash has been found to be within 4 -20 % over land and to within 6 -50 % over sea. The largest differences between ∆IWC P rec and ∆IWC F lash over sea might be due to the combination between the presence of 500 stratiform precipitation included into Prec and the very low values of Flash over seas (<10-2 flashes day-1). The diurnal cycle of IWC ERA5 at 150 hPa is more consistent with that of Prec and Flash over land than over ocean. Finally, the observational ∆IWC range has been shown to be consistent with the reanalysis ∆IWC range to within 23 % over land and to within 75 % over sea in the UT and to within 49 % over land and to within 39 % over sea in the TL. Thus, thanks to the combination between the observational and reanalysis ∆IWC ranges, the total ∆IWC variation range has been found in the UT to be between 4.17 505 and 9.97 mg m-3 (to within 20 % per study zones) over land and between 0.35 and 4.37 mg m-3 (to within 30 % per study zones) over sea and, in the TL, between 0.63 and 3.65 mg m-3 (to within 70 % per study zones) over land and between 0.04 and 0.74 mg m-3 (to within 80% per study zones) over sea. The ∆IWC variation range in the TL is larger than that in the UT highlighting the stronger impact of the vertical resolution in the observations in the TL compared to the UT.
The study at small scale over islands and seas of the MariCont has shown that, ∆IWC from ERA5, Prec and Flash, in the UT 510 agree to within 0 -0.64 mg m-3 (8%) over MariCont_L, Sumatra, Borneo and Java with the largest values obtained over Java.
However, while Java presents the largest amount of ∆IWC P rec and ∆IWC F lash in the UT and the TL (larger by about 1.0 mg m-3 in the UT and about 0.25 mg m-3 in the TL than other land study zones), New Guinea, and Sulawesi, reach similar range of values of ice injected with ERA5 as Java in the UT and even larger ranges of values as Java in the TL. Processes related to the strongest amount of ∆IWC injected into the UT and the TL have been identified as the combination of sea-breeze, mountain-515 valley breeze and cumulus merged, such as over the New Guinea and accentuated over tiny islands with high topography such
as Java or Sulawesi. Over sea areas, ∆IWC is a combination between the vertical transport of air masses by deep convection during night and early morning over offshore sea and by the westward horizontal transport of air masses near the tropopause, coming from land through coastline areas, during the end of the afternoon and at night (such as in North of Australia seas). 
